Lipid Conversion by Cell-Free Synthesized Phospholipid Methyltransferase Opi3 in Defined Nanodisc Membranes Supports an in Trans Mechanism.
Biomembranes composed of lipids and proteins play central roles in physiological processes, and the precise balance between different lipid species is crucial for maintaining membrane function. One pathway for the biosynthesis of the abundant lipid phosphatidylcholine in eukaryotes involves a membrane-integrated phospholipid methyltransferase named Opi3 in yeast. A still unanswered question is whether Opi3 can catalyze phosphatidylcholine synthesis in trans, at membrane contact sites. While evidence for this activity was obtained from studies with complex in vitro-reconstituted systems based on endoplasmic reticulum membranes, isolated and purified Opi3 could not be analyzed. We present new insights into Opi3 activity by characterizing the in vitro-synthesized enzyme in defined hydrophobic environments. Saccharomyces cerevisiae Opi3 was cell-free synthesized and either solubilized in detergent micelles or co-translationally inserted into preformed nanodisc membranes of different lipid compositions. While detergent-solubilized Opi3 was inactive, the enzyme inserted into nanodisc membranes showed activity and stayed monomeric as revealed by native mass spectrometry. The methylation of its lipid substrate dioleoylphosphatidylmonomethylethanolamine to phosphatidylcholine was monitored by one-dimensional 31P nuclear magnetic resonance. Phosphatidylcholine formation was observed not only in nanodiscs containing inserted Opi3 but also in nanodiscs devoid of the enzyme containing the lipid substrate. This result gives a clear indication for in trans catalysis by Opi3; i.e., it acts on the substrate in juxtaposed membranes, while in cis lipid conversion may also contribute. Our established system for the characterization of pure Opi3 in defined lipid environments may be applicable to other lipid biosynthetic enzymes and help in understanding the subcellular organization of lipid synthesis.